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•  Mica-like  V205  nanostructured  thin- 
film  is  fabricated  directly  by  anodic 
electrodeposition. 

•  Mica-like  V205  thin-films  are  formed 
by  nanosheets  with  thickness  less 
than  50  nm. 

•  The  initial  discharge  capacity  of  V205 
thin-film  was  596  mAh  g^1  at 
1080  mA  g-1. 

•  The  fading  rate  of  V205  thin-film  was 
1%  per  cycle  at  1080  mA  g_1. 
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Stable  and  homogeneous  mica-like  vanadium  pentoxide  (V2Os)-nanostructured  thin  films  are  prepared 
directly  by  simple  anodic  deposition  from  V205/H202  sol  solution,  and  then  dried  at  ambient  tempera¬ 
ture  and  annealed  at  500  °C  in  air  for  1  h.  The  films’  crystal-  and  microstructures,  surface  morphology 
and  Li-ion  intercalation  properties  were  characterized  and  analyzed  by  X-Ray  diffraction  (XRD),  field 
emission  scanning  electron  microscopy  (FSEM),  thermogravimetric  analysis  (TGA),  and  electrochemical 
techniques.  When  used  as  a  lithium-ion  battery  (LIB)  cathode,  the  films  exhibit  a  large  discharge  capacity 
of  596  mAh  g-1  at  a  current  density  of  1080  mA  g-1,  as  well  as  excellent  cyclic  stability  and  a  fading  rate 
of  1%  per  cycle.  Explanations  for  such  significant  enhancements  in  specific  capacity,  cyclic  stability,  and 
rate  performance  of  mica-like  V205-nanostructured  thin  films  are  demonstrated  in  this  study. 

©  2014  Elsevier  B.V.  All  rights  reserved. 


1.  Introduction 

In  recent  years,  both  environmental  and  energy-resource- 
depletion  issues  have  made  energy  conversion  and  storage  top 
concerns.  More  environmentally  benign  and  sustainable  energy- 
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storage  systems,  accordingly,  are  the  desired  future  power  sour¬ 
ces  [1].  In  this  regard,  lithium-ion  batteries  (LIBs),  with  their  high 
power  output,  long  cycle  life  and  high  energy  density,  represent  an 
attractive  option  for  many  researchers.  LIBs  have  already  been  used 
in  a  wide  range  of  applications  including  portable  electronic  de¬ 
vices,  electric  vehicles,  and  implantable  medical  devices  [2-4].  The 
key  to  LIB  performance  enhancement,  obviously,  is  the  develop¬ 
ment  of  new  and  improved  cathode  materials.  The  maximum 
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practical  discharge  capacity  of  the  commercially  available  cathode 
materials  available  for  LIBs,  such  as  UC0O2  [5-6],  LiNi02  [7], 
LiMn204  [8],  LiFeP04  [9,10],  and  their  derivatives  [11—13],  at  pre¬ 
sent,  is  ~300  mAh  g_1.  However,  UC0O2  toxicity  and  high  cost  have 
introduced  environmental  problems  and  made  LIBs  more  expen¬ 
sive,  while  the  utility  of  commercial  LiNi02  is  severely  curtailed 
owing  to  its  low  specific  capacity  and  insufficient  cycle  life.  And  as 
for  LiMn204  cathode  materials,  they  have  been  found  to  suffer  from 
a  severe  capacity-fading  problem  [14]. 

More  recently,  vanadium  pentoxide  (V2O5)  of  a  layered  structure 
has  been  considered  a  promising  LIB  cathode  electrode  material 
owing  to  its  high  discharge  capacity,  low  cost  and  abundance  [15]. 
However,  its  poor  structural  stability,  low  electronic  conductivity 
and  slow  electrochemical  kinetics  have  hampered  its  LIB  applica¬ 
tion.  In  efforts  to  accelerate  the  electrochemical  kinetics,  much 
research  has  focused  on  the  synthesis  and  fabrication  of  nano- 
structured  vanadium  oxides  [16].  And  in  fact,  single-crystal  V2O5 
nanorod  arrays,  nanotubes,  nanoroll  and  nanocables  have  been 
demonstrated  to  possess  significantly  enhanced  electrochemical  Li- 
ion  intercalation  properties  [17].  Such  improvement  has  been 
attributed  to  nanostructured  materials  providing  shorter  and 
simpler  diffusion  paths  for  lithium  ions  and  allowing  maximal 
freedom  for  the  dimension  change  that  accompanies  lithium-ion 
intercalation  and  de-intercalation. 

Among  the  many  nanomaterial  fabrication  methods,  which 
include  hydrothermal  treatment,  the  template-based  method,  the 
electrospinning  method,  and  others,  the  electrodeposition  method 
is  perhaps  the  most  low-cost,  simple  and  easy  for  industrial  ap¬ 
plications.  Liu  [18  reported  that  nanostructured  V2O5  prepared  by 
cathodic  deposition  showed,  as  cathodes  for  lithium-ion  interca¬ 
lation,  excellent  electrochemical  properties:  specifically,  a  high 
initial  discharge  capacity  of  402  mAh  g-1  with  a  discharging  cur¬ 
rent  density  of  200  mA  g_1  (1.3  C).  In  the  present  study,  a  modified 
method  combining  sol-gel  processing  with  anodic  electrodeposi¬ 
tion  was  used  to  fabricate  mica-like  V205  nanostructured  thin-film 
electrodes.  Such  film  in  LIB  applications  offers  the  large  discharge 
capacity  of  596  mAh  g_1  (at  a  current  density  of  1080  mA  g-1), 
which  is  much  higher  than  that  of  V2O5  film  prepared  by  the 
cathodic  deposition  method,  as  well  as  excellent  cyclic  stability  due 
to  its  unique  structure  and  morphology.  The  characteristics  of  the 
crystal  structure  and  morphology  of  the  V2O5  thin  films,  and  their 
electrochemical  performances,  additionally,  were  systematically 
studied. 

2.  Experimental 

According  to  the  procedure  reported  by  Fontenot  et  al.  [  19],  V205 
powder  (Shanghai  Shenjiang  Chemical  Factory)  was  added  to  a 
solution  of  30%  H2O2  (n(V205):n(H202)  =  1:12.25)  and  de-ionized 
water  at  room  temperature  and  stirred  vigorously  until  the  com¬ 
plete  dissolution  of  V2O5  yielded,  after  60  min,  a  clear  dark  red 
liquid.  This  sol  was  further  dispersed  and  then  diluted  to  the 
vanadium  concentration  of  3.2  mol  lr\  In  the  preparation  of 
V2O5  thin  films,  one  Platinum  (Pt)  plate  was  used  as  the  deposition 
substrate  on  the  positive  side,  and  another  as  a  counter  electrode 
on  the  negative  side.  The  distance  between  the  electrodes 
was  maintained  constant  at  2.5  cm  while  10  min  of  electrodepo¬ 
sition  was  carried  out;  the  deposition  area  of  the  positive 
electrode  was  0.5  cm2,  and  the  deposition  voltage  was  5  V.  The 
thin  films  were  dried  in  air  completely  over  12  h  in  order  to 
prevent  cracking  from  the  drastic  volume  change;  subsequently 
they  were  annealed  in  a  500  °C  ambient  atmosphere  for  1  h 
followed  by  a  slow  cool-down.  All  of  the  samples  finally  were 
stored  in  air  preparatory  to  characterizations  and  performance 
measurements. 


The  crystal  phases  and  crystallite  sizes  of  the  V2O5  thin  films 
were  characterized  by  X-ray  diffraction  (XRD,  Japan  Shimadzu, 
XRD-6000),  and  their  surface  morphologies  were  examined  under 
field  emission  scanning  electron  microscopy  (FESEM,  JSM-7100F). 
The  films’  thermogravimetric  properties,  meanwhile,  were  inves¬ 
tigated  by  thermogravimetric  analysis  (TGA;  Shimadzu  DTG-60H 
thermal  analyser)  in  air,  from  room  temperature  to  600  °C  at  the 
heating  rate  of  10  °C  per  minute. 

The  electrochemical  performances  of  the  V2O5  thin-film  elec¬ 
trodes  were  tested  at  room  temperature  using  a  standard  three- 
electrode  system:  1  mol  L-1  LiCICU  in  propylene  carbonate  (PC)  as 
the  electrolyte,  a  Pt  plate  as  the  counter  electrode,  and  Ag/AgCl  as 
the  reference  electrode.  Cyclic  voltammetric  (CV)  tests  on  the 
electrodes  were  carried  out  between  -0.2  V  and  0.6  V  (vs.  Ag/AgCl) 
at  a  scan  rate  of  5  mV  s_1,  and  their  charge-discharge  properties 
were  investigated  by  chronopotentiometric  (CP)  measurement 
within  the  -0.1  V  to  0.4  V  range  (vs.  Ag/AgCl)  for  various  current 
densities.  Both  the  CV  tests  and  CP  measurements  were  performed 
using  an  electrochemical  analyzer  (CH  Instruments,  Model  660B). 

3.  Results  and  discussion 

Fig.  1  compares  the  XRD  patterns  of  as-deposited  V2O5  films 
prepared  by  anodic  deposition  from  sol  solution  at  room  temper¬ 
ature  and  with  those  annealed  at  500  °C  in  air  for  1  h.  As  is 
apparent,  the  as-deposited  films  showed  an  intense  (001)  peak 
centered  around  8.1°  and  indexed  to  hydrous  vanadium  pentoxide 
(V205-nH20)  of  layered  structure,  as  is  consistent  with  the  litera¬ 
ture  [20,21],  the  broad  (001)  peak  suggesting,  moreover,  an  amor¬ 
phous  structure.  The  crystallite  size  as  estimated  by  Scherrer 
Equation  was  4.2  nm,  and  the  interlayer  distance  calculated  by 
Bragg’s  law  was  10.94  A,  which  indicated  a  crystalline  water 
composition  in  this  sample  of  n  <  1.5  [22].  The  series  of  (001)  peaks 
reflected  the  preferred  orientation  of  a  V2O5  layered  structure 
effected  by  anodic  deposition,  while  the  missing  (002)  peak  sug¬ 
gested  the  formation  of  double  V2O5  sheets  in  each  layer  [23]. 

After  each  V2O5  thin-film  sample  was  annealed  at  500  °C  in  air 
for  1  h,  it  was  completely  dehydrated,  thus  transitioning  to  the  pure 
orthorhombic  phase  with  good  crystallinity,  as  shown  in  the  XRD 
pattern.  The  interlayer  distance  along  the  c-axis  was  calculated  as 
4.23  A,  slightly  short  relative  to  the  crystalline  structure  of 
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Fig.  1.  XRD  patterns  of  V205  films:  a)  before  annealing:  b)  after  annealing  at  500  °C  in 
air  for  1  h. 
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orthorhombic  V2O5  (Joint  Committee  on  Powder  Diffraction  Stan¬ 
dards  [JCPDS]  No.  41-1426),  due  to  the  shift  of  the  (001 )  peak  in  the 
higher-angle  direction.  The  V2O5  thin  film  is  relatively  well  ordered 
for  sheet  materials  owing  to  the  absence  of  (ft 00)  and  (OkO)  peaks, 
making  reversible  intercalation  and  de-intercalation  of  lithium  ions 
much  easier.  Meanwhile,  it  was  indicated  that  the  annealed  V205 
thin  film  also  has  a  preferred  orientation,  as  evidenced  by  the 
missing  diffraction  pattern  for  the  (OkO)  plane  along  the  b-axis.  In 
fact,  it  was  reported  [24]  that  the  oxygen  density  varies  with  the 
different  crystal  faces  of  V2O5,  of  which  the  oxygen  density  of  the 
(hOO)  crystal  face  is  the  largest.  Thus,  the  absent  (hOO)  peaks 
demonstrated  that  there  are  oxygen  defects  in  the  crystal  structure 
of  V2O5  thin  film.  The  crystallite  size  of  the  anodic-electrodeposited 
500  °C-annealed  orthorhombic  V2O5  thin  film  was  calculated  to 
32.1  nm,  according  to  the  XRD  pattern  in  Fig.  lb. 

Fig.  2  provides  FESEM  images  of  V2O5  thin  films  as-deposited 
and  annealed  at  500  °C  in  air  for  1  h.  From  Fig.  2a,  the  V2O5  thin 
films  were  indeed  uniform  before  annealing.  As  Fig.  2b  and  c  shows, 
the  V2O5  thin  film  annealed  was  composed  of  small,  1.0— 2.0  pm 
diameter  building  blocks  and  was  stably,  homogeneously  deposited 
and  uniformly  spread  over  the  substrate.  With  respect  to  Fig.  2d 
and  e,  it  is  interesting  to  observe  that  the  building  blocks  were 


Fig.  2.  FESEM  images  of  V205  thin  film  (a)  prior  to  annealing;  (b),  (c),  (d),  (e)  and  (f)  after  annealing  at  500  °C  in  air  fori  h. 
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formed  by  dozens  of  closely  stacked  V2O5  nanosheets  of  less  than 
50  nm  thickness,  as  in  the  structure  of  mica.  To  the  best  of  our 
knowledge,  no  mica-like  V^Os-nanostructured  thin  film  has  been 
reported.  It  should  be  noted,  furthermore,  that  due  to  the  formation 
of  such  nanosheets  in  the  structure  of  V2O5  thin  films,  the  interface 
of  the  active  materials  on  an  electrode  can  be  increased  with 
electrolyte  solution,  which  increase  offers  a  high  and  readily 
accessible  surface  area  and  a  shorter  distance  for  lithium-ion 
intercalation/de-intercalation,  thus  resulting  in  deeper  lithium- 
ion  intercalation  and  a  markedly  increased  capacity  24,25].  In 
addition,  the  film  thickness  was  about  1  pm  according  to  the  cross 
section  image  of  V2O5  film  thin  (Fig.  2f). 

Fig.  3  plots  the  TGA  curve  for  the  anodic-electrodeposited  V2O5 
thin  films.  Note  that  the  temperature  range  differs  from  those 
applied  in  earlier  studies  due  to  the  differences  in  the  respective 
film-processing  methods  utilized  [18,26].  The  ~13%  weight  loss 
below  100  °C  can  be  ascribed  mainly  to  the  evaporation  of  free 
water  in  the  V2O5  thin  film,  that  between  100  °C  and  250  °C,  —3%, 
to  the  loss  of  weakly  bound  water,  and  that  between  250  °C  and 
400  °C,  ~5%,  generally  to  the  loss  of  crystalline  water  from 
V205  -nFl20.  Above  400  °C,  there  was  no  weight  loss,  because  there 
was  no  crystalline  water  remaining  in  the  film.  The  occurrence  of 
V2O5  crystallization  indicated  that  the  V2O5  thin  films  annealed  at 
500  °C  were  crystal  materials,  which  fact  is  consistent  with  the  XRD 
and  SEM  results  discussed  above. 

Next,  the  LIB-cathode  electrochemical  performances  of  the 
mica-like  V2O5  thin-film  electrodes  were  systematically 
investigated.  Fig.  4a  plots  are  the  typical  cyclic  voltammogram  (CV) 
curves  based  on  the  5  mV  s-1  scan  rate  within  the  -0.2  V  to  0.6  V 
potential  range  (vs.  Ag/AgCl).  Each  curve  has  two  pairs  of  well- 
defined  redox  peaks,  suggestive  of  the  reversibility  of  the  mica¬ 
like  V205-nanostructured  thin  film,  show  noticeable  improve¬ 
ment,  and  the  irreversible  phase  transition  is  eliminated.  Moreover, 
closer  two  pairs  of  peaks  reflect  the  electrodes’  enhanced  lithium- 
ion  diffusion  kinetics  due  to  the  huge  surface  area  and  excessive 
surface  energy  of  nanostructured  materials,  which  characteristics 
offer  additional  sites  for  lithium-ion  intercalation/de-intercalation 
and  allow  phase  transitions  that  are  otherwise  difficult  to  achieve 
in  bulk  materials.  The  two  anodic  oxidation  peaks  were  located  at 
0.11  V  and  0.31  V  in  the  first  cycle,  which  correspond  to  the  Li+  ions’ 
de-intercalation;  the  cathodic  peaks  were  located  at  -0.02  V  and 
0.20  V,  which  are  attributable  to  Li+  intercalation  accompanied  by 
V5+,  which  reduced  to  V4+  and  then  to  V3+.  It  is  reported  that 
mesoporous  V2O5  nanofibers  [26]  under  the  same  conditions, 
showed  cathodic  peaks  at  -0.44  V,  -0.23  V  and  V2O5  nH20  xerogel 


films  [27]  at  -0.3  V,  -0.4  V.  These  results  indicated  that  with  the 
mica-like  V2O5  thin-film  cathode,  the  energy  density  of  LIBs  can  be 
increased  thanks  to  the  improved  operation  potential.  Fig.  4b  plots 
CV  curves  for  the  mica-like  V205-nanostructured  thin  film  after  20 
charge— discharge  cycles.  Compared  with  the  first  cycle,  the  current 
and  potential  of  the  redox  peaks  did  not  change  dramatically,  as 
reflected  the  films’  excellent  cyclic  stability  and  reversibility. 

Fig.  5a  plots  chronopotentiometric  curves  for  the  mica-like 
V205-nanostructured  thin-film  electrode  under  a  current  density 
of  1080  mA  g-1  and  a  potential  ranging  from  -0.1  to  0.4  V  vs.  Ag/ 
AgCl.  Evident  are  two  well-defined  plateaus  in  the  cathodic  and 
anodic  processes  from  0.05  V  to  0.10  V  and  0.25  V  to  0.3  V, 
respectively.  A  discharge  capacity  of  596  mAh  g-1  was  delivered  in 
the  first  cycle  under  a  current  density  of  1080  mA  g-1,  much  higher 
than  the  initial  discharge  values  for  mesoporous  V2O5  nanofibers 
(377  mAh  g-1  at  the  current  density  of  625  mA  g-1)  [26]  and 
V2O5  •  nH20  film  (275  mAh  g-1  at  the  current  density  of  850  mA  g-1 ) 
reported  in  literature;  [20  the  corresponding  charge  capacity, 
meanwhile,  was  found  to  be  612  mAh  g-1,  with  an  irreversible 
capacity  of  16  mAh  g-1.  Fig.  5b  also  showed  that  during  the  charge/ 
discharge,  the  coulombic  efficiency  was  almost  100%  and  did  not 
change  obviously  with  the  increase  of  number  cycle.  These  results 
are  further  proof  of  the  mica-like  V205-nanostructured  thin  films’ 
excellent  reversibility.  Although  V205  nH20  nanotube  arrays, 
nanocable  arrays  and  nanorod  arrays  reported  on  in  the  literature 
have  demonstrated  higher  initial  capacities,  these  performances 
deteriorated  rapidly  during  the  charge-discharge  process  [27,16]. 
The  charge/discharge  capacity  of  the  mica-like  V205-nano- 
structured  thin  films  examined  in  the  present  study,  by  contrast, 
diminished  only  slowly  (Fig.  5b)  in  the  tenth  cycle,  showing  a 
discharge  capacity  of  528  mAh  g-1  and  a  loss  rate  of  1%  per  cycle, 
slightly  higher  than  that  of  mesoporous  V2O5  nanofibers  with  a 
current  density  of  625  mA  g-1  [26].  As  is  the  case  for  all  nano¬ 
structured  materials,  the  improvement  of  the  intercalation/de¬ 
intercalation  behavior  of  V205  can  be  attributed  to  high  surface 
area  and  short  transport  distance.  Nevertheless,  given  thin  films’ 
closely  stacked  mica-like  V2O5  nanosheet  structure,  it  is  advanta¬ 
geous  to  increase  lithium  ions’  intercalation  capacity  and  enhance 
electrode-material  stability  during  cycles.  In  this  way,  the 
discharge/charge  capacity  of  V205-nanostructured  thin  film  is 
greatly  increased,  and  the  attenuation  of  discharge  capacity, 
significantly  inhibited.  It  should  be  noted  that  V2O5  thin  film 
examined  in  the  present  study  after  500  °C  annealing  for  1  h  was 
green-yellow,  not  the  color  typically  observed  for  V2O5  powder  or 
nanofiber,  which  is  yellow  [26],  (V2O5  is  yellow;  VO2  is  blue)  [28]. 


Fig.  4.  CV  curves  for  mica-like  V205-nanostructured  thin  films  prepared  by  anodic  deposition  method  in  (a)  the  first  and  (b)  twentieth  cycles,  in  a  potential  range  between  -0.2  V 
and  0.6  V  vs.  the  Ag/AgCl  reference  electrode. 
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Fig.  5.  (a)  Chronopotentiometric  curves  for  mica-like  V205-nanostructured  thin-film  electrode  under  current  density  of  1080  mA  g_1  (7.2  C)  in  first  charge/discharge  cycle, 
for  -0.1-0.4  V  potential  vs.  Ag/AgCl;  (b)  Discharge/charge  capacity  of  mica-like  V205-nanostructured  thin-film  electrode  as  function  of  cyclic  number,  for  1080  mA  g-1  current 
density,  and  the  coulombic  efficiency  curve. 


The  green-yellow  color  can  be  ascribed  to  a  mixture  of  yellow  V5+ 
and  blue  V4+,  a  fact  confirmed  by  Liu  et  al.  [18].  The  coexistence  of 
V4+  and  V5+  in  V2O5  thin  film  can,  as  confirmed  by  the  present  XRD 
results,  lead  to  the  presence  of  oxygen  vacancies.  And  the  presence 
of  oxygen  vacancies  results,  in  turn,  in  the  formation  of  a  more  open 
structure  and,  thus,  easier  access  for  lithium-ion  intercalation 
and  diffusion.  Oxygen  vacancies,  additionally,  might  serve  as 
possible  nucleation  centers  for  phase  transformation  during  the 
lithium-ion  intercalation  and  de-intercalation  processes  [29].  The 
presence  of  lower-valence  vanadium  ions  and  the  associated  oxy¬ 
gen  vacancies,  moreover,  might  enhance  the  conductivity  of  elec¬ 
trode  materials  [30]. 

Fig.  6a  summarizes  the  discharge  capacity  of  the  mica-like 
V205-nanostructured  thin  film  as  a  function  of  current  density. 
It  is  apparent  that  at  fairly  high  current  densities,  which  corre¬ 
spond  to  fast  discharge/charge  battery  cycles,  the  thin-film 
electrode  nonetheless  retains  a  high  discharge  capacity: 
623.8  mAh  g^1  at  1080  mA  g~\  386.6  mAh  g_1  at  2210  mA  g  \ 
and  262.8  mAh  g-1  at  4420  mA  g-1.  As  observed  of  all  electro¬ 
active  materials  with  respect  to  lithium-ion  intercalation  and  de¬ 
intercalation,  the  discharge  capacity  of  mica-like  V205-nano- 
structured  thin  film  decreases  with  increasing  current  density. 
However,  this  capacity,  even  with  dramatic  increases  of  current 
density,  might  not  be  significantly  reduced,  suggesting  that  mica¬ 
like  V205-nanostructured  thin  film  offers  not  only  fast  dis¬ 
charging/charging,  but  also  an  excellent  rate  performance  as  a 
promising  LIB  cathodic  electrode.  Moreover,  even  when  the 
current  density  is  2210  mA  g-1  (15  C),  this  V2Os  thin-film 


electrode  can  still  deliver  an  initial  discharge  capacity  of 
-  386.6  mAh  g-1,  much  higher  than  mesoporous  V2Os  nano¬ 
fiber’s  370  mAh  g-1  under  the  lower,  800  mA  g-1  current  density 
[26].  For  all  of  the  present  samples,  good  cyclic  stability  with  a 
fading  rate  of  less  than  1.6%,  1.8%,  and  1.5%  per  cycle  was 
observed,  even  at  the  very  high  current  density  of  1080  mA  g-1, 
2210  mA  g_1,  and  4420  mA  g_1,  respectively,  which  results  are 
much  better  than  those  reported  for  nanostructured  V2Os  in  the 
literature  [16,18,27].  In  short,  the  improved  discharge  capacity, 
cyclic  stability,  and  rate  performance  of  the  mica-like  V205- 
nanostructured  thin  film  can  be  attributed  to  high  surface  area, 
short  transport  distance,  its  unique  structure,  and  the  introduc¬ 
tion  of  oxygen  vacancies.  The  thin  films’  cyclic  stability  was 
further  investigated  by  means  of  interrupted  cyclic  testing. 
Fig.  6b  summarizes  the  cyclic  performance  of  mica-like  V2Os 
nanostructured  thin  films  that  underwent  five  interruptions  and 
repetitive  charge/discharge  cycles;  that  is,  the  same  sample  was 
charged/discharged  again  after  the  completion  of  previous 
continuous  charge/discharges.  Specifically,  a  sample  was 
removed  from  the  cell  system  and  let  stand  in  air  for  one  day 
immediately  following  an  initial  test  entailing  10  continuous 
charge/discharge  cycles.  Then,  it  was  charge/discharged  contin¬ 
uously  over  an  additional  10  cycles,  following  the  same  proce¬ 
dure  according  to  which  the  cycle  number  of  the  third,  fourth, 
and  fifth  continuous  charge/discharge  was  also  10,  for  a  total  of 
50  cycles.  It  was  found  that  regardless  of  the  repeated  in¬ 
terruptions  over  the  course  of  the  50  charge/discharge  test  cy¬ 
cles,  the  discharge  capacity  of  mica-like  V2Os-nanostructured 
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Fig.  6.  (a)  Relationship  between  discharge  capacity  and  current  density  for  mica-like  V205-nanostructured  thin-film  potential  ranging  from  -0.1  to  0.4  V  vs.  Ag/AgCl,  A: 
1080  mA  g-1  (7  C),  B:  2210  mA  g-1  (15  C),  C:  4420  mA  g-1  (30  C).  (b)  Cyclic  performance  of  mica-like  V205-nanostructured  thin  film  for  1080  mA  g-1  current  density  and  -0.1 -0.4  V 
potential  range  vs.  Ag/AgCl. 
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thin  film  remained  fairly  constant:  only  a  very  small  loss  rate  was 
evident,  which  was  less  than  0.48%  per  cycle,  lower  than  that  for 
mesoporous  V2O5  nanofiber  under  a  lower  current  density. 
Indeed,  at  the  50th  and  final  cycle,  the  sample  could  still  deliver  a 
discharge  capacity  of  385.7  mAh  g-1  under  the  current  density  of 
1080  mA  g-1,  which  is  still  higher  than  the  above-noted  initial 
discharge  capacity  of  mesoporous  V2O5  nanofiber  film 
(370  mAh  g-1)  under  a  current  density  of  800  mA  g-1  [26].  These 
results  reveal,  in  summary,  that  the  specific  capacity  and  elec¬ 
trochemical  performance  of  mica-like  V^Os-nanostructured  thin 
film  prepared  by  the  anodic  electrodeposition  method  are  su¬ 
perior  to  those  of  mesoporous  V2O5  nanofiber  film  prepared  by 
electrospinning.  Furthermore,  the  electrodeposition  procedure  is 
much  simpler  and  easier  to  control  than  that  of  electrospinning. 
All  in  all,  anodic-electrodeposited  mica-like  V205-nanostructured 
thin  film,  due  to  its  excellent  electrochemical  performance,  not  to 
mention  its  simple,  flexible,  easily  controllable  and  low-cost 
processing  method,  is  a  promising  candidate  LIB-cathode  mate¬ 
rial.  It  should  be  noted  that  in  the  present  research,  the  differ¬ 
ences  in  charge/discharge  capacities  among  the  samples  were 
very  small,  which  demonstrated,  consistently  with  the  CV  test 
results,  the  outstanding  reversibility  of  mica-like  V^Os-nano- 
structured  thin  film.  Additionally,  in  the  inset  of  Fig.  6,  the  SEM 
image  of  the  thin  film  after  50  charge/discharge  cycles  shows 
that  the  film  morphology  did  not  change,  which  confirmed  films’ 
excellent  structural  stability.  But  there  occurred  erosion  on  the 
margin  of  building  blocks,  resulting  from  the  dissolution  of  the 
nanostructured  V2O5  in  the  electrolyte.  Thus  the  mass  of  active 
materials  on  the  electrode  decreased  and  the  capacities  of  sam¬ 
ples  diminished  gradually  during  the  charge/discharge  cycles. 

4.  Conclusions 

Mica-like  V^Os-nanostructured  thin  film  was  prepared  by 
means  of  anodic  electrodeposition  from  V2O5/FI2O2  sol  solution 
followed  by  annealing  at  500  °C  in  air.  The  film  consisted  of 
microstructural  mica-like  building  blocks  stacked  closely  in  the 
form  of  preferentially  oriented  orthorhombic  V2O5  nanosheets  of 
less  than  50  nm  thickness.  With  this  film,  electrolyte  infiltration 
was  improved  and  Li-ion  diffusion  was  facilitated,  demonstrating  a 
significantly  enhanced  Li-ion  storage  capacity  of  596  mAh  g-1  at 
the  current  density  of  1080  mA  g_1,  as  well  as  excellent  cyclic 
stability  and  reversibility.  Such  an  enhanced  lithium-ion  interca¬ 
lation  capacity,  cyclic  stability  and  rate  performance  of  the  V2O5 
thin-film  electrode  could  be  attributed  to  its  unique  mica-like 
morphology,  the  nanostructure  having  a  higher  surface  area, 
shorter  Li+  ion  diffusion  pathways,  and  introduced  oxygen 
vacancies. 
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